ABSTRACT Local healthcare providers often question the possible steroidal activity of traditional Chinese medicine (TCM) herbs or herbal products and implicate them as a cause for adrenal insufficiency or Cushing's syndrome in patients with a history of TCM intake. We conducted a comprehensive database search for evidence of potential glucocorticoid, mineralocorticoid, androgenic or oestrogenic activity of herbs or herbal products. Overall, there are not many herbs whose steroidal activity is well established; among these, most cases were based on preclinical studies. Liquorice root may cause pseudoaldosteronism through interference with the steroidogenesis pathway. Although ginseng and cordyceps have some in vitro glucocorticoid activities, the corroborating clinical data is lacking. Deer musk and deer antler contain androgenic steroids, while epimedium has oestrogenic activity. On the other hand, adulteration of herbal products with exogenous glucocorticoids is a recurrent problem encountered locally in illegal products masquerading as TCM. Healthcare providers should stay vigilant and report any suspicion to the relevant authorities for further investigations.
INTRODUCTION
Endogenously produced steroid hormones can be classified into two main groups: corticosteroids (glucocorticosteroids and mineralocorticoids) and sex hormones (androgenic and oestrogenic compounds). These naturally occurring steroids are mainly synthesised in the adrenal gland; mineralocorticoids, glucocorticoids and sex hormones are synthesised in zona glomerulosa cells, zona fasciculate cells and zona reticularis cells, respectively. Any interference with the steroidogenic enzyme activity or steroid receptors could affect the multistep steroid synthesis pathway, resulting in steroidal or antisteroidal activity. (1) In Singapore, traditional Chinese medicine (TCM) is one of the most predominant forms of complementary and alternative medicines used for a wide range of ailments, including cancer, (2, 3) chronic pain, (4) dermatological conditions (5) and other chronic diseases. (6) TCM use is not confined to the Chinese population alone -it is also popular among the Indians and Malays. (7) In Singapore, orally administered Chinese herbal medicine can generally be classified into two main categories: Chinese proprietary medicine (CPM) and traditional medicinal material. CPM refers to manufactured products in finished dosage forms (e.g. pills, capsules and liquids), which contain active substances derived from any plant, animal or mineral, or any combination thereof; a detailed description can be found in the current edition of The Chinese Herbal Medicine Materia Medica. (8) On the other hand, traditional medicinal materials refer to "medicinal materials from plants, animals or minerals in their natural states, or in processed forms that have undergone simple processing, such as cutting or drying", including raw herbs used in TCM. (9) Presently, the import and local sale of CPM in Singapore is subjected to premarketing approval by the Health Sciences Authority (HSA), whereas there is no licensing requirement for traditional medicinal materials.
In Singapore General Hospital, a Traditional Medicine Information Service (TMIS) was established in 2011 as an extension to the Drug Information Service of the Department of Pharmacy. TMIS handles enquiries on traditional medicines (such as TCM, Jamu and Ayurveda herbal medicine) from healthcare professionals and provides evidence-based information in response, by conducting literature searches and critically reviewing the available evidence. Of the many enquiries received pertaining to adverse reactions, TCM herbs or supplements in their raw or finished forms were often questioned on their possible steroidal activity -whether they contain steroids or cause adrenal insufficiency or Cushing's syndrome, among other concerns such as their potential nephrotoxicity and hepatotoxicity.
We conducted a comprehensive search of databases, including PubMed, China National Knowledge Infrastructure and the HSA website, for evidence of herbs or herbal products that have been studied for their potential glucocorticoid, mineralocorticoid, androgenic or oestrogenic activity. This review aims to present the current published evidence on some commonly used TCM herbs that have been extensively studied or frequently questioned for their potential steroidal activity. They include herbs with compounds that are structurally similar to steroids, and those that interfere with steroid metabolism or have the ability to bind to steroid receptors. We also discuss the adulteration of herbal products with exogenously added steroids, as a review on TCM is incomplete without an elaboration on this problem. Through this paper, we hope to address the common concerns of local healthcare providers and to dispel some myths surrounding the steroidal activity of TCM herbs.
HERBS WITH CORTICOSTEROIDAL ACTIVITY Liquorice root (Radix glycyrrhizae, Gan Cao 甘草)
Liquorice root is a commonly used herb in many TCM formulations due to its TCM property of 'harmonising' the various herbs, as well as for its 'qi-tonifying' property. It is the most studied herb in terms of its corticosteroidal activity. Glycyrrhizin, the principal active ingredient in liquorice, and its hydrolysed metabolite, 18β-glycyrrhetinic acid, are found to inhibit the oxidative function of 11β-hydroxysteroid dehydrogenase, thereby preventing the metabolism of cortisol. The excess cortisol could then bind to mineralocorticoid receptors, resulting in an apparent mineralocorticoid excess that manifests as fluid retention, hypertension and hypokalaemia. (10) A few cases of pseudoaldosteronism caused by consumption of liquorice at high doses have been reported in the literature, demonstrating the clinical significance of the mineralocorticoid activity of the herb when consumed in large quantities. (11) Healthy volunteer studies that investigated the safe dose of liquorice reported that a daily dose of 2 mg/kg of glycyrrhizic acid did not have any effect on aldosterone level, blood pressure, potassium and fluid retention. (12) Translating this to a person who weighs 50 kg, the safe dose of glycyrrhizic acid would be 100 mg. The World Health Organization suggested that the consumption of 100 mg/day of glycyrrhizic acid is unlikely to cause adverse effects. (13) The usual dose of liquorice root in a TCM concoction is 3-10 g/day. (14) The difficulty in inferring the safe dose of liquorice root is confounded by the highly variable glycyrrhizic acid content among liquorice products of different preparations, as well as in liquorice roots harvested from different sources. (15) This is further complicated by the wide interindividual susceptibility to its side effects. (16) Therefore, while there are no clinical reports of liquorice causing Cushing's syndrome, the possibility of it causing pseudoaldosteronism cannot be entirely excluded, especially in patients with prolonged consumption of liquorice-containing formulations.
Ginseng (Radix Panax ginseng, Ren Shen 人参)
Ginseng is a 'qi-tonifying' herb that is often used for general wellness in individuals with fatigue, or in patients recovering from a severe or prolonged bout of illness. It mainly consists of panaxynol and ginsenosides. Of the many ginsenosides that have been isolated from this herb, ginsenosides Rg1 and Re were found to be functional ligands of glucocorticoid receptor in an in vitro study. (17, 18) Animal studies have shown different mechanisms of its effect on steroid synthesis with contradictory conclusions. (19, 20) To date, no clinical reports have demonstrated that the consumption of ginseng causes Cushing's syndrome. Further research on the whole herb is needed to understand its overall effect on steroidogenesis.
Cordyceps (Cordyceps sinensis, Dong Chong Xia Cao 冬虫夏草)
In TCM practice, cordyceps is highly regarded as a prized tonic that is indicated for people with poor respiratory health or general weakness. An animal study and an in vitro study reported that cordyceps extract has a stimulatory effect on the adrenal gland and increased the corticosterone level. (21, 22) However, no clinical case reports or studies have reported on its corticosteroidal activity.
HERBS WITH ANDROGENIC ACTIVITY Deer musk (Moschus, She Xiang 麝香)
Deer musk, known for its resuscitation or 'mind-clearing' property in TCM practice, is often used in proprietary medicine in combination with various other herbal ingredients. One such famous formulation is Angong Niuhuang Wan (安宫牛黄丸), which is used for comatose or convulsion patients. This dried secretion of the musk pod of adult male deer contains chemical constituents such as steroids, lipids and peptides. The androgenic content of deer musk was well studied as a result of an incident during the FIFA Women's World Cup 2011, when five athletes tested positive for steroids in their urine. Investigations uncovered that steroidal components were present in deer musk-containing traditional medicine taken by the athletes. Gas chromatographymass spectrometry and liquid chromatography-tandem mass spectrometry analyses on two samples of the traditional medicine and a specimen from a live musk deer detected steroidal components, including nine prohibited androgens (e.g. testosterone, epitestosterone, androsterone, epiandrosterone and dehydroepiandrosterone or DHEA), validating that the identified steroidal compounds were not exogenous but inherent in deer musk. (23, 24) Deer antler (Cornu cervi pantotrichum, Lu Rong 鹿茸)
Deer antler, also known as deer velvet, is a 'kidney-yang tonifying' herb that is normally used to treat cold extremities, fatigue, impotence, infertility and other health problems. Chemical profiling studies on different deer antler samples have found that it contains naturally occurring steroids such as testosterone, androsterone, oestradiol and progesterone. (25, 26) While there are no published clinical reports on virilisation due to deer musk or deer antler consumption, the inherent presence of androgenic compounds in these two deer products is proven and may be clinically relevant with prolonged use.
Cordyceps (Cordyceps sinensis, Dong Chong Xia Cao 冬虫夏草)
Preclinical studies examining the effect of cordyceps extract and its constituent, cordycepin, have found that they stimulated mouse Leydig cell testosterone production and increased testosterone secretions as well as testis weight in mice. (27, 28) However, corresponding clinical reports on these effects of cordyceps are lacking.
HERBS WITH OESTROGENIC ACTIVITY Epimedium (Herba epimedii, Yin Yang Huo 淫羊藿)
Epimedium is classified as a 'kidney-yang tonifying' herb that is frequently used to treat disorders such as impotence, premature ejaculation and infertility, in combination with other herbs. Various preclinical studies have found that epimedium extract or its specific constituents (e.g. icaritin and icariside) have a selective oestrogen receptor modulator effect on breast cancer and uterine growth in nude mice. (29) Icariin, the major compound in epimedium, promotes oestrogen biosynthesis in human ovarian granulosa cells through aromatase, which converts androgens to oestrogens. (30) Another animal study found that icariin could exert anabolic effects on bone by activating oestrogen receptors (ER) and prevent ovariectomy-induced bone loss without inducing uterotrophic effects. (31) These oestrogenic activities led to clinical studies using epimedium for menopausal symptoms. A randomised, placebocontrolled trial on 90 postmenopausal women, who consumed either 300 mL of aqueous herb extract or water daily for six months, reported significantly increased serum levels of oestradiol in the herbal group compared to the group that consumed only water. However, no recurrence of menstruation was reported in any of the subjects. (32) Another clinical trial on 50 late postmenopausal women, who were randomised to take either herb-derived phyto-oestrogen flavonoids (60 mg icariin, 15 mg genistein and 3 mg daidzein) or a placebo daily for 24 months, reported no significant increase in the treatment group's serum oestradiol level. Interestingly, as with animal data, bone mineral density was maintained in the treatment group but was significantly reduced in the placebo group, without a concurrent hyperplasia effect on endometrium thickness. (33) 
Ginseng (Radix Panax ginseng, Ren Shen 人参)
Ginseng is capable of restoring the oestrus cycle, interfering with the atrophy of reproductive target tissues caused by ovariectomy. These oestrogenic effects may be mediated by stimulating the biosynthesis of oestrogen in circulation and increasing the quantity of ER in the target organs. (34) It has also been suggested that the structural similarity between ginsenosides and oestradiol could be a contributing factor to the oestrogenic activity of ginseng. (35) An animal study reported the oestrogenic activity of ginseng on reproductive tissues in ovariectomised mice. (34) In a case report, a 12-year-old Korean-Japanese boy was diagnosed with gynaecomastia after taking 500 mg/day of red ginseng extract for one month for its strengthening effect; the gynaecomastia resolved upon cessation of the ginseng supplement. However, the boy's oestradiol and testosterone levels were within normal levels. (36) A small number of case reports also showed an association between ginseng and postmenopausal vaginal bleeding and mastalgia. However, the exact source and ingredients consumed by the case subjects were not specified in these reports. (37, 38) In a placebo-controlled, double-blind clinical trial conducted in 72 postmenopausal women who were randomised to take either 3 g of red ginseng (including ginsenosides 60 mg/day) or a placebo daily for 12 weeks, no significant difference in serum oestradiol level was found between the treatment and placebo groups. However, subjects in the treatment group showed a significant improvement in menopausal symptoms, total cholesterol and low-density lipoprotein. (39) Chinese angelica (Radix Angelicae sinensis, Dang Gui 当归)
Chinese angelica is a 'blood-nourishing' herb often used in gynaecological conditions such as perimenopausal syndrome and menstrual disorders. Chinese angelica extract or its constituent, ferulic acid, exhibits oestrogenic activity via various mechanisms: it stimulates the growth of both ER-positive and ER-negative breast cancer cells in vitro; competitively inhibits binding of oestradiol to ER in vitro; induces transcription activity in oestrogen-responsive cells in vitro; suppresses luteinising hormone (LH) secretion; and influences uterine growth and vaginal cytology in ovariectomised rats. (40, 41) Its oestrogenic activity in humans is implicated by a case report of a 35-year-old man who developed gynaecomastia after ingesting 'Dong Quai' pills daily for a month (specific dosage unknown). His hormonal results (oestradiol, testosterone, folliclestimulating hormone and LH levels) were all within normal range. His gynaecomastia regressed completely three months after he discontinued the pills. (42) However, this oestrogenic activity was not demonstrated in a double-blind, randomised, placebo-controlled trial in which 71 postmenopausal women were randomised to take either 4.5 g Chinese angelica or a placebo daily for 24 weeks. The study showed that the herb did not significantly increase the serum oestradiol level compared with the placebo, nor did it promote endometrial proliferation or increase the maturation of vaginal epithelial cells. (43) Table I summarises the aforementioned herbs, the steroidal compounds identified in these herbs, and the highest level of evidence supporting or refuting their steroidal activities.
ADULTERATION OF HERBAL PRODUCTS WITH EXOGENOUS GLUCOCORTICOIDS
Adulteration involving the addition of undeclared drugs to herbal products is a real cause for concern in the safety of TCM usage. Adulteration of herbal products can potentially have a greater clinical impact than the inherent steroidal activities of the aforementioned herbs. Illegal products could be marketed as natural herbal products by adopting TCM herb names and listing herbal components as their ingredients, when they are in fact adulterated with undeclared, potent Western medicinal drug components. Among these adulterants -which include nonsteroidal anti-inflammatory drugs, oral hypoglycaemics, antihistamines and sildenafil -glucocorticoid is one of the most commonly found ingredients. (44, 45) There have been cases of consumers who were misled into consuming these 'natural and safe' herbal products that carry TCM herb names in their product name or ingredient list, but ended up experiencing adverse events such as Cushing's syndrome, due to adulteration with glucocorticoids. (46) While most herbs do not naturally contain corticosteroids, synthetic steroidal components may be intentionally added to illegal products trying to masquerade as safe herbal products. This is illustrated by a case encountered by Singapore General Hospital's TMIS in April 2014. A 67-year-old female patient with idiopathic thrombocytopenic purpura had consumed an herbal supplement called 'Herbal Health Jointcare' for her frozen shoulder and joint pain. She experienced rapid pain relief within two days, as did her friend who recommended the product. According to its official website, the herbal product contains multiple herbal components commonly used to treat arthritis pain and relieve joint inflammation caused by rheumatism. However, none of these herbs are known to contain naturally occurring steroids. This product aroused our suspicion and prompted reporting to the HSA, because it claimed to contain TCM herbs, yet was not found in the list of CPM registered with the HSA. Chemical analysis for common poisons in the product sample found that it was adulterated with five undeclared, potent medicinal components, one of which was betamethasone-17-valerate.
A search of the HSA's illegal products online database and press release archive (47, 48) yielded various other products sold under the guise of traditional or herbal medicine, which were found to be adulterated with undeclared glucocorticoids in 2009-2015. All these products were not locally registered CPM but mostly obtained from overseas, local peddlers or friends, and the legitimacy of their manufacturers was unknown. They usually incorporated herb names as part of their product names or claimed to contain natural, herbal ingredients. A striking pattern observed in these products is that the majority were indicated for pain relief and most were uncovered due to either adverse events or miraculous pain relief reported by consumers. Table II summarises the information on these illegal products.
CONCLUSION
Based on the currently available evidence (as reviewed above and summarised in Table I ), very few herbs used in TCM have clinically relevant steroidal activities. The few randomised controlled trials on ginseng, Chinese angelica and epimedium have shown an absence of clinically detectable oestrogenic activities, despite the presence of oestrogenic compounds in these herbs. Case reports have shown that liquorice exerts mineralocorticoid effects, while deer musk contains androgenic compounds. The present evidence on the steroidal activity of many other herbs is generally limited to in vitro and animal studies, which have yet to be corroborated by clinical studies for their clinical relevance. More often than not, it is the illegal products marketed under the guise of traditional or herbal medicine that contain steroids, especially glucocorticoids. The infiltration of such adulterated products into the market has not only put consumers' health at risk, but also perpetuated and substantiated the widely held misconception that TCM products or herbs contain steroids, when the undeclared medicinal components in these products are the actual culprits.
In clinical practice, if a patient presents with adrenal insufficiency or Cushingoid features and gives a history of TCM herb or CPM consumption, it would be wise for the healthcare provider to probe further to find out specifically what the patient consumed. If a CPM product is involved, he should check whether it has been registered locally by looking for the label on the outer packaging (Fig. 1) or searching the HSA online search portal. (49) Extra caution should be taken when the herbal supplements are indicated for pain relief, as such products may be adulterated with glucocorticoids for their potent anti-inflammatory effect. Exaggerated product claims or a lack of ingredient labels on poor-quality packaging are signals of dubiety. If adverse events are associated with CPM products, reporting of suspected adverse events to the HSA (50) is strongly encouraged, even if causality has not been ascertained, because further investigation may lead to the discovery of products that pose a threat to public health, followed by appropriate regulatory action. Analysis of such cases is important in monitoring the safety of complementary and alternative medicine products, and improves our understanding of the benefits and risks associated with the use of such products. (46) Conversely, simply noting that the patient has taken 'TCM' and attributing the adverse effect to this without further investigation into the specific product may lead to a misperception of TCM while allowing the real culprit to go undetected, which could pose a serious public health risk. The product was *sold by peddlers; †acquired through friends; ‡purchased from overseas; §purchased online; ¶from unknown sources.
